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Persistent light reactions similar to those in humans were 
observed in the study of photoallergenicity of cherl1icals in 
guinea pigs. The animals photoinduced with chemicals re-
acted to long-wavelength ultraviolet (UV A) radiation in 
the absence of test materials at the challenge stage. The 
sensitivity of the animals to UV A persisted for more than 
1 year. The minimum erythema dose to UVB of animals 
in the trea ted group w as less than that in the control group . 
Our investigations indicate that the main factors influ-
encing the elicitation of persistent light reaction w ere the 
amount of Freund 's complete adju vant (FC A) used to en-
W ilkinson [1] and Jillson and Baughman [2] re-ported th at patients who exhibited photoallergic contact dermatiti s to halogenated salicyl anilides or related compounds retained a persistent reac-tivity to li ght that continued long after all ex-
posure to the pho tosensitizing compound had ceased. This phe-
nomenon was named persistent light reaction (PLR) [1]. Since 
then, many inves tigato rs have reported similar clinical symptoms. 
Recently , PLR from photocontact derm atitis due to musk am-
brette, a fragrance material , has been reported by Giovinazzo et 
al [3], Burry [4], Ramsay [5], Kaidbey and Messenger [6], and 
Lecha et al [7] . However, the mechani sm of PLR to pho toallergic 
compounds remains un clea r. T wo common characteristi c fea tures 
have beeil reported; first , the sensitivity to light persists for months 
to years in the absence of exposure to pho toallergens; second , a 
broad spectrum ofli ght reactivity is manifest, including a lowered 
minimum erythema dose (MED) to UVB. 
However, onl y a few reports have been published on PLR in 
animals. This paper reports the fac to rs eliciting PLR in anim als 
and techniques to make a PLR animal model with hi gh frequency. 
MATERIALS AND M ETHODS 
Animals H artley strain male albino guinea pigs weighing 370-420 
g at the beginning of the experiment were used. 
Materials Four compounds, p-aminobenzoic acid (PABA; Daiich 
Kagaku Co., Ltd .), p-aminoethylbenzoate (benzocaine; Tokyo 
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Abbreviations: 
E-FC A: emulsified Freund 's complete adjuvant 
MED : minimum erythema dose 
PABA: p-amino bcnzoic acid 
PLR: persistent light reaction 
T CSA: 3,3 ' ,4'5-tetrachlorosalicylanilidc 
hance the allergic response in animals, and the UV A dose 
at the induction stage. Based on these findings , w e have 
developed a method to make animals persistent light re-
actors with high freguency. This method consists of 1 in-
tradermal inj ection of1.2 ml emulsified FCA, 5 irradiations 
with 20.4 J/cm2 of UV A, and topical applications of 5% 
p-aminoethylbenzoate (benzocaine) at the induction stage . 
We also found that photosensitivity could be induced llsing 
FCA and UV A without photosensitizers . ] Inllest D ermatol 
87:] Inll est Dermatol 87:330-333, 1986 
Kasei C o. , Ltd .), 2-methoxy-3,5-dinitro-4-methyl-t- butyl ben-
zene (musk ambrette; Takasago Perfumary Co. , Ltd .), and 3, 
3' ,4' ,5-tetrachlorosalicylanilide (TCSA; Eastman Kodak Co .) w ere 
used for pho tocontact sensitiza tion . Their chemica l structures are 
given in Fig 1. These test materials were assayed for their purity 
using high-performance liquid chromatography equipped with a 
UV detector at 254 or 280 nm. The purity of these material s was 
over 95% . Reagent g rade ethanol was used as vehicl e. 
Emulsified-Freund' s complete adjuvant (E-FC A) was prepared 
from equal volumes of FC A (Difco Laboratories) and pyrogen-
free distilled water (Otsuka Pharmaceutical Co. ). 
Light Source Six tubes of Toshiba Black Li ght Lamp FL40 
BLB (Toshiba Medical Supply , T okyo) emitting predominantly 
in the 320-400 n111 range (UV A) were used; the output w as 4.3 
mW/cm2 at a distance of 10 cm throu gh a 3-mm windowglass 
filter to minimize wavelengths shorter than 320 nm when mea-
sured w ith a UV radiometer (Tokyo Kogaku , Tokyo) . Six tubes 
o f Toshiba Sun Lamp FL40S E-30 emitting predominantly in the 
280-320 n111 range were used for the UVB light source. The 
output of UVB w as 1. 9 mW/cm 2 at a distance of 30 cm when 
measured w ith a UV radiometer. 
Photosensitization Procedures The test method for pho-
toallergenicity is a modification of the method of Ichikaw a et aJ 
[8] . One-tenth milliliter of E-FCA was injected intradermally at 
each of the 4 corners of the clipped and shaved nuchal area (3 X 
4 cm2). The area was stripped by cellophane tape until the skin 
glistened. One-tenth milliliter of test materials dissolved in ethanol 
was applied to the area within the "perimeter" defin ed by the 
injection sites. The area was exposed to 10.2 J /cm2 of UV A. 
Emulsified FCA was injected once .·tlt the time of the initial in-
duction exposure, but the remaining procedures were repeated 
daily for 5 successive days. 
Following a 2-week rest period, guinea pigs were challenged 
on the clipped and shaved Rank . Twenty microliters of the test 
material were applied in duplicate. One side received 10.2 J/ C1112 
of UV A whil e the other side was covered with aluminunl foil . 
The challenge site was assessed for reaction at 24 and 48 h. Test 
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Figure 1. Structural formulae of the tcst materials. 
si tes were graded from 0 to 4 + , indicating: no reaction (0), slight 
erythema (1 +), moderate erythema (2 +), severe erythema (3 +) , 
and erythema w ith definite edema (4+) . 
Studies for Photocontact Sensitivity of PABA and 
Benzocaine Fifteen animals were used for each test material. 
The induction concen tration of both materials was 5% in ethanol. 
The challenge concentrations of PABA and benzocaine were 5% 
and 1 %, respectively . 
Studies for Persistence of PLR in Guinea Pigs Five pho-
tosensitized guinea pigs that reacted to UV A in the absence of 
P ABA at the challenge stage were repeatedly irradiated on the 
back skin w ith 10.2- 20.4 Jlcm2 of UVA at various intervals dur-
ing 400 days from the first challenge. 
Studies of Increased Sensitivity to UVB (MED) on PLR 
Guinea Pigs Nineteen PLR guinea pigs, w hich showed per-
sistence oflight sensitivity even after 1 or 2 months, and 18 control 
g uinea pigs (untrea ted) were used. The shaved back was divided 
into 7 areas with cloth tape; each area was 1 x 1 cm2 . The animals 
were exposed with a bank of 6 "Sun Lamp" fluorescent tubes at 
a distance of 30 cm and the amount of exposure was controlled 
by time (2, 3, 4, 5, 6, 7, and 8 min). The intensity of UVB was 
1.9 mW/cm2 and intensity of UVA was 0.4 mW/cm2. The total 
energy of UV A was 0. 192 JI cm2 for 8-min irradiations . The skin 
reaction was evaluated after 24 h. 
Biopsy Biopsy specimens were taken from the skin of PLR 
animals and untreated anjmals 24 h after the exposure to 20.4 and 
30.6 J/cm2 of UVA. Light-protected abdominal skins of both 
animals were examined for histology as a control. Sections were 
stained with hematoxylin-eosin . 
Comparative Assay of Incidence of UV A-Reactive Guinea 
Pigs in Four Photoallergic Compounds The following 
chemicals were tested for their photosensitivity properties with 
photosensitization procedures previously described: TCSA (2%) , 
musk am brette (5%) , PABA (5%), and benzocaine (5%). The 
number of guinea pigs used in each test is listed in Table IV. The 
incidence of animals reacting to UV A in the absence of test ma-
terials after challenge was investigated in 4 test materials. 
Studies on Effects of E-FCA, UV A, and Benzocaine on 
UVA Sensitivity Ten groups of5-11 guinea pigs were induced 
w ith th e conditions as indicated in Table V. Two weeks after the 
induction procedure, each animal was exposed to 10.2, 20.4, and 
30.6 J/cm2 of UVA in the absence of test materials. 
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Table L Assay of Photoallergy to PABA and Benzocaine 
Evaluated after 48 Hours (FR)" 
PABA Benzocaine 
Challenge Concentration +UVA -UVA +UVA -UVA 
5% 12/15 0/ 15 12115 0/15 
(1+-2+)b (1+-3+) 
1% 12/ 15 0/ 15 13/15 0/15 
(1 +-2+) (1+-3+) 
Blank site' 7/15 0/ 15 2/15 0/ 15 
(1+) (1+) 
"Fractional response as: Number of animals with positive reaction / Number of 
animal tes ted . 
bThc scoring grade of reaction in positive animals. 
' UV A-irradiated site without application of test materials. 
RESULTS 
Twelve of 15 animals challenged with PABA at concentrations 
of 5% and 1 % , and 12 of 15 animals challenged with benzocaine 
at the concentration of 5%, and 13 of 15 animals challenged with 
this chemical at the concentration of 1 % had positive reactions, 
while no reaction was observed at any of the unirradiated sites 
(Table I) . Seven of15 animals photosensitized with PABA showed 
positive reactions at the irradiated sites even in the absence of 
PABA (blank site). In the case of benzocaine, 2 animals showed 
positive reactions at the blank site. 
Four hundred days after the first challenge, 4 of 5 animals 
photosensitized with PABA still showed weak positive reactions 
to UVA without application of PABA. All 5 animals were pos-
itive at 215 days (Table II ). 
The average MED to UVB of PLR gu inea pigs was signifi-
can tly lower than that of control (untreated) guinea pigs· (Table 
III). The animals were exposed to UVA as high i1S 0.192 Jlcm2 
in this study, since the "Sun Lamp" emitted also a minimal amount 
of UVA (0.4 mW/cm2, at 30 cm). However, 0.192 Jlcm2 of 
UV A from the "Black Light Lamp" did not produce any reaction 
in these animals. 
The following histopathologic features were observed in the 
UV A-induced reaction ofPLR animals (Fig 2): increased thickness 
of the epidermis (acanthosis), spongiotic edema of the epidermis, 
inflammatory infiltrate composed predominantly oflymphocytes 
and a smaller portion of polymorphonuclear leukocytes in the 
upper dermis, and mononuclear cells in the epidermis (exocy-
tosis). The skin of control animals exposed to UVA revealed only 
a small number of mononuclear and polymorphonuclear cells in 
the upper dermis. On the other side, the light-protected skin of 
PLR animals revealed only a small number of mononuclear cells 
in the upper dermis, and that of untreated animals did not show 
any abnormal features. 
Only 1 of 28 animals photosensitized with TCSA and 1 of 26 
animals photosensitized with musk ambrette showed a positive 
Table II. Examination for the Period of Persistence in PLR 
Animals Photosensitized with PABA 
Days after UVA Dose 
Challenge 1 st Challenge O/cm2) Fractional Response 
I 0 10.2 5/5(1 +) 
2 6 10.2 5/5(1 + - 2+) 
3 26 10.2 5/5(1 + -2+) 
4 87 20.4 5/5(2+ ) 
5 158 20.4 5/5(2+ ) 
6 215 20.4 5/5(2+ ) 
7 257 16.8 4/5(1 +) 
8 332 15.1 4/5(1 +) 
9 400 18.0 4/5(1 +) 
T he challenge was carried out with irradiation of UV A without application of 
PABA . 
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Table III. Comparative Assay of MED Between PLR 
Animals and C ontrol Animals (Untreated) 
MED 
Number of Jlcm2 Time (min) 
Animals (mean ± SD) (mean ± SD) 
PLR animals" 19 0.42 ± 0.1 01> 3.6 ± 0.9" 
Control animals 18 0.62 ± 0.08 5.5 ± 0.7 
"All animals photosensitized with PABA or benzoca ine showed positi ve reactions 
w hell exposed to UV A w itho ut application of (cst materials after 1 o r 2 months. 
bp < 0.01 compared with control values . 
reaction to UV A in the absence of tes t materials at the time of 
the challenge test. On the other hand , about 35-45% of the an-
inn is photosensitized with PABA or benzocaine reacted to UV A 
radiation (Table IV). All positive animals, w hich reacted to UVA 
without applica tion of test materials, showed persistent light reac-
tivity after 1 or 2 months. The frequency of PLR to TCSA or 
musk ambrette, which causes PLR in humans , was much lower 
than that of P ABA and benzocaine in guinea pigs . 
Animals, that had been exposed to UV A with E-FCA but 
without any photoallergic chemicals for the induction procedure, 
showed positive reactions when exposed to UV A at the challenge 
stage without an y photoallergic chemicals (Table V; groups 4-6). 
The frequency of UV A reactivity w as dependent on the volume 
of E- FC A at the induction stage and the dose of UV A at the 
challenge stage . The animals induced with only injection of E-
FC A did not show an y reactions to UV A (groups 1 and 2) . In 
Figure 2. Microscopic observation of. a PLR animal. Histologic changes 
were exa mined in the skin of a PLR animal at 24 h after exposure to 20.4 
j /cm 2 of UV A. Increased thickness and spongiotic edema of the epidermis 
and an inflammatory infiltrate composed predominantly of lymphocytes 
and a smaller portion of polymorphonuclear leukocytes in the upper 
dermis were observed (H&E, X 200) . 
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Table IV. Incidence of PLR Induced with 
Contact Photoallergens 
Induction 
Material Cone. (%) 
TCSA 2 
Musk ambrette 5 
PABA 5 
Benzocaine 5 
Incidence" 
(% ) 
1/28(3 .6) 
1/26(3 .6) 
18/ 52(34. 6 ) 
20 /44(45 .5 ) 
"This indicates the rati o oC tbe animals showin g positive reactions to UVA (1 0.2 
J/c m') in the absence of test materials at the challenge stage among those pho to-
sensitized w ith each material. 
the presence of benzocaine at the induction stage, the frequency 
of UV A reactivity was not dependent on the dose of benzocaine 
(groups 7-9), but those frequencies ofUVA reactivity were higher 
than that of group 4, which had been treated with the same 
amount of E-FCA and UV A but without benzocaine. All guinea 
pigs in group 10 induced with 1.2 ml E-FCA, 20.4 J/cm2 ofUV A, 
and 5% benzocaine exhibited severe reactivity to 10.2 and 20.4 
J/cm2 of UVA. All positive animals observed in this experiment 
retained a persistent light reactivity to UV A after 1 or 2 months . 
DISCUSSION 
Concerning the mechanism of persistent light reactivity to pho-
toallergen in patients , Jillson and Baughman [2] reported that one 
possible cause might be the continued or subsequent contact with 
chemicals structurally related to the initial photosensitizers as cross-
reactors . Willis and Kligman [9,10] concluded from their exper-
imental studies that persistent light reactivity to halogenated sal-
icylanilides resulted merely from the persistence of the photo-
sensitizing chemicals in the skin for extended periods after a single 
application. Horio and Ofuji [11,12] supported Willis and Klig-
man 's conclusion from their experimental study using guinea 
pigs. They assumed that TCSA could remain in the skin for a 
relatively long time since it w as a prohapten, but not a hapten. 
However, these observations did not adequately explain the low-
ered MED to UVB in skin sites with relatively little direct contact 
with the photosensitizing chemcial. Harber and Bickers [13] have 
hypothesized that the patients have become autophotosensitized 
to a carrier protein that absorbs photons in the UVB range because 
they have regularly shown an abnormal reaction to UVB. Even 
though there have been many studies, no investigation is able to 
explain clearly the mechanism of persistent light reactor. 
As far as the PLR in animals is concerned, Maurer [14] reported 
that PLR was induced in guinea pigs. In his series of experiments 
to study various methodologic factors for a photosensitization 
test, 1 of20 animals in each group sensitized with photoallergens 
such as TCSA, bithionol, and sulfanilamide reacted to UV A + UVB 
at the begining of the challenge stage without application of the 
compound. However, since the details of those reactions observed 
in guinea pigs were not described in his report, it is not possible 
to certify those reactions as PLR. 
In our experiment, all animals reacting to UV A at the challenge 
stage without application of the compound exhibited a PLR to 
UV A. In some animals, UV A reactivity lasted as long as 400 
days. Assuming that the average life span of guinea pigs is 4t 
years and that of humans is 80 years , 400 days in the guinea pig 
are equivalent to about 19 years in humans. Furthermore, these 
animals became sensitive to UVB because their MEDs were lower 
than those of control animals . These 2 characteristic features in-
di cate that phenomena observed in guinea pigs are comparable 
to PLR in humans . 
In our study to establish a PLR animal model, it is considered 
that E-FCA and UV A are essential factors to elicit PLR in guinea 
pigs. These 2 factors could induce PLR even in the absence of 
any photocontact sensitizers . The relationship between photo-
contact sensitivity and subsequent PLR has not been fully under-
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Table V. Effects of E-FCA, UV A, and Benzocaine in PLR Elicitation Evaluated after 24 Hours 
Group 
2 3 4 5 6 7 8 9 10 
Induction 
E-FCA (ml) 0.8 1.2 0.4 0.4 0.8 1.2 0.4 0.4 0.4 1.2 
UVA O/cm2) 0 0 10.2 20.4 20.4 20.4 20.4 20.4 20.4 20.4 
Benzocaine conc. (%) 0 0 0 0 0 0 0.05 0.5 5 5 
Challenge UV A dose 
10.2 ) /cm2 0/5 0/5 0/10 0/9 0/9 7111" 2/5 2/5 2/5 9/9b 
(1 +-2+) (1 + - 2+) (1+-2+) (1 +-2+) (3+) 
20.4 ) /cm2 0/5 0/5 0/10 1/9 2/9 9/1 1" 2/5 2/5 4/ 5' 9/9 
(1 +) (1 +-2+) (1 +-3+) (2+) (1 + - 2+) (2+-3+) (3+) 
30.6 )/cm2 0/5 0/5 0/10 1/9 4/9 9/1 1" 3/5 2/5 4/5' NDd 
(2+) (1 +-2+) (1+-3+) (1 + -2+ ) (2+) (2+ - 3+) 
There were no significant differences (Fisher's direct probability method) among group 7, 8, and 9 values and betwccn group 6 and 10 values. 
'p < 0.01 compared with group 4 values. 
bp < 0.1 compared with group 9 values. 
'p < 0.05 compared with group 4 values. 
'NO, Not done. 
stood. The present study suggests that photoallergic compounds 
such as PABA and benzocaine might act as augmentative factors 
in the development of PLR. Macroscopic as well as microscopic 
findings of cutaneous change in PLR were not distinguishable 
from those in allergic photocontact dermatitis. These findings 
indicate that the mechanism of PLR in guinea pigs may be au-
tophotosensitization to a carrier protein that absorbs photons in 
the UVA with the influence of FCA. 
The PLR animal model may be valid to study the mechanism 
ofPLR in humans . Furthermore, the induction of photosensitivity 
by using E - FCA and UV A without photosensitizers might help 
to establish an animal model of polymorphous light eruption. 
The allthors express their thanks to Dr. Leonard C. Harber for his vaillable 
criticism of the malll/script . 
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